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FIG. 4A
WITHOUT BAND EXPANDER CIRCUIT

FIG. 4B WITH BAND EXPANDER CIRCUIT
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OPTICAL TRANSMISSION APPARATUS AND
OPTICAL TRANSMISSION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
004502, filed on Jan. 12, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to optical
transmission apparatuses that transmit light signals and opti-
cal transmission methods.

BACKGROUND

In recent years, as speeds and volumes of signal transmis-
sions among CPUs in high-end servers, super computers, and
the like increase, an optical interconnect technology, which
uses lights for close and medium range signal transmissions,
is being studied in an attempt to break through limitations of
electric signal transmissions. In the optical interconnect, opti-
cal transceivers or the like that convert electrical signals to
optical signals are provided to perform data transmissions
using light signals between optical transmission apparatuses
on a transmitting side and a receiving side through transmis-
sion channels such as, for example, array optical fibers or the
like. For example, a vertical cavity surface emitting laser
(VCSEL), which is a small and low power consumption laser
device and operable by direct current modulation, can be used
as a light signal source for the optical transmission. As an
optical receiver, a photodiode (PD) that receives light signals
and convert to electrical signals can be used, for example. For
example, of the optical transceiver technologies, the follow-
ing patent documents disclose technologies that control a
power consumption based on status of optical transmission
apparatus.

Japanese Laid-open Patent Publication No. 2011-044827
discloses a technology for reducing the power consumption
of a light emitting element by limiting or stopping a drive
current of the light emitting element in response to priority of
data to be transmitted when a temperature of an optical trans-
mission apparatus becomes high. Japanese Patent No.
3544932 discloses a technology that reduces the power con-
sumption by reducing a frequency of a tone signal to be
transmitted for connection monitoring during a low power
consumption mode. Japanese Laid-open Patent Publication
No. 2007-013504 discloses a technology for lowering the
power consumption by switching to a low speed transmitter
circuit and a low speed receiver circuit during a standby
mode.

Characteristics of optical elements are known to deterio-
rate with a temperature increase. More specifically, the char-
acteristics of VCSEL that is a light emitting element of an
optical transmission apparatus rapidly deteriorate as the tem-
perature increases, and an operation thereof may stop. In the
optical interconnect, it is desirable not to stop a system opera-
tion so as not to disconnect the signal transmission even in a
range exceeding a given specification temperature (for
example, 70-80° C.). To expand an operable temperature
range and enable a high-temperature operation at a tempera-
ture equal to or higher than the specification temperature, it is
effective to suppress the temperature increase by reducing
power consumption and reduce a heating effect to the light
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emitting element. However, when the temperature exceeds
the specification temperature (for example, 70-80° C.) that
defines stable operations of the light emitting elements, the
technologies disclosed by the above three patent documents
are unable to continue the stable operation nor expand the
operable temperature range of the optical transmission appa-
ratus, and their optical transmission operations become to
stop.

A control for reducing the heating effect to the light emit-
ting element is desirable to expand the operable temperature
range of the optical transmission apparatus and more specifi-
cally to continue the operation at a high temperature exceed-
ing the specification temperature, and implementation
thereof is awaited.

SUMMARY

According to an aspect of the invention, an optical trans-
mission apparatus includes an optical transmitter that
includes a light emitting element and a driver circuit for the
light emitting element, a temperature sensor that detects a
temperature of the optical transmitter, and a controller that
switches an operation mode of the optical transmitter from a
normal mode to a low-power mode so as to reduce a heating
effect to the light emitting element and allow an operation of
the light emitting element to continue when the temperature
detected by the temperature sensor is equal to or higher than
a given specification temperature.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a structure of an optical transmission
apparatus according to an embodiment 1.

FIG. 2 is a method illustrating control details at a time of
mode switching according to the embodiment 1.

FIG. 3 is a circuit diagram illustrating an example of a
bandwidth expander circuit.

FIGS. 4A and 4B are waveform diagrams of optical outputs
to be observed with a presence and absence of bandwidth
expansion.

FIG. 5A is a diagram illustrating switch timing of indi-
vidual sections when a normal mode is switched to a low-
power mode.

FIG. 5B is a diagram illustrating switch timing of indi-
vidual sections when the low-power mode is switched to the
normal mode.

FIG. 6 is a diagram illustrating a temperature variation
before and after the mode switching.

FIG. 7A is a diagram illustrating an improvement effect on
a speed by an operation mode switching.

FIG. 7B is a diagram illustrating an improvement effect on
an optical output power by the operation mode switching.

FIG. 8 is a diagram illustrating a structure of an optical
transmission apparatus according to an embodiment 2.

FIG. 9 is a method illustrating control details at a time of
mode switching according to the embodiment 2.

FIG. 10A is a diagram illustrating an improvement effect
on a speed by an operation mode switching.

FIG. 10B is a diagram illustrating an improvement effect
on an optical output power by the operation mode switching.
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FIG. 11 is a diagram illustrating a structure of an optical
transmission apparatus according to an embodiment 3.

FIG. 12 is a method illustrating control details at a time of
mode switching according to the embodiment 3.

FIG. 13A is a diagram illustrating an improvement effect
on a speed by an operation mode switching.

FIG. 13B is a diagram illustrating an improvement effect
on an optical output power by the operation mode switching.

DESCRIPTION OF EMBODIMENTS

Structure of Optical Transmission Apparatus

Hereinafter, preferred embodiments of a disclosed technol-
ogy are described in detail with reference to the attached
drawings. FIG. 1 is a diagram illustrating a structure of an
optical transmission apparatus according to an embodiment
1. A disclosed optical transmission apparatus 100 is a mul-
tiple channel (four channels in an illustrated example) optical
transceiver in which an optical transmitter 101 and an optical
receiver 111 are integrated into a single unit.

The optical transmitter 101 includes a light emitting ele-
ment 102 that generates (optical-to-electrical conversion)
multiple channel (four channels in the illustrated example)
light signals, an array fiber 103 that has multiple channels for
transmitting light signals corresponding to the number of
channels of the light emitting element 102, and a light emit-
ting element driver circuit 104 that drives the light emitting
element 102. The light emitting element 102 may include at
least one of a vertical cavity surface emitting laser (VCSEL),
a laser diode (LD) and a light-emitting diode (LED), for
example. The optical receiver 111 includes a light detecting
element 112 that receives (electrical-to-optical conversion)
multiple channel (four channels in the illustrated example)
light signals, an array fiber 113 that transmits light signals
corresponding to the number of channels to receive, and a
receiver circuit 114. The light detecting element may include
a photodiode (PD), for example.

The light emitting element driver circuit 104 includes a
bandwidth expander circuit for performing a bandwidth
expansion (pre-emphasis) of signals to be transmitted to the
light emitting element 102. An operation of the bandwidth
expander (pre-emphasis) circuit can be switched by turning
ON/OFF at atime of mode switching, which will be described
below. Furthermore, the light emitting element driver circuit
104 is capable to change an optical power of the light emitting
element 102 by controlling a drive current to be supplied to
the light emitting element 102. The light emitting element
driver circuit 104 is arranged near the light emitting element
102, and in a state where heat generated therein may be easily
conducted to the light emitting element 102.

The optical transmission apparatus 100 is connected to an
interface circuit 130 that is configured by an integrated circuit
(IC), etc. The interface circuit 130 includes an output circuit
131 that transmits signals for transmission to the light emit-
ting element driver circuit 104 of the optical transmitter 101.
Furthermore, the interface circuit 130 includes an input cir-
cuit that receives signals from the receiver circuit 114 of the
optical receiver 111.

The optical transmitter 101 and the optical receiver 111 are
mounted on a board 140. Furthermore, a temperature sensor
141 and a controller 150 are mounted on the board 140. The
temperature sensor 141 on the board 140 measures a tempera-
ture of the board 140, namely, a module temperature outside
the light emitting element 102 and the light emitting element
driver circuit 104, and outputs to the controller 150. In the
example illustrated in the drawing, the temperature sensor
141 is arranged near the light emitting element 102. Note that
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the embodiment is not limited to this example. The tempera-
ture sensor 141 may also be provided inside the light emitting
element driver circuit 104 to measure an internal temperature
of'the light emitting element driver circuit 104. The controller
150 has a mode switching function for switching an operation
mode of the optical transmitter 101 in response to the tem-
perature measured.

The controller 150 measures the temperature of a module,
on which the light emitting element 102 is mounted, by use of
the temperature sensor 141, and performs the mode switching
when the temperature becomes equal to or higher than a given
specification temperature, thereby making it possible to con-
tinue an optical transmission operation even at a high tem-
perature that exceeds the specification temperature of the
light emitting element 102. Furthermore, the controller 150
sends mode setting signals to individual sections relating to
signal transmitting of the optical transmitter 101 at the time of
mode switching. Those sections are the light emitting element
driver circuit 104, the output circuit 131 of the interface
circuit 130, and a receiver of a counterpart optical transmis-
sion apparatus (a receiver that is a data transmission destina-
tion of the optical transmitter 101). Note that, in the embodi-
ment 1, the mode setting signal for the receiver of a
counterpart optical transmission apparatus may be sent by
using a side-band transmission system 160 that is different
from the array fiber 103 for signal transmission.

With Regard to Controller Mode Switching

An overview ofthe mode switching by the controller 150 is
described. When the temperature sensor 141 measures the
temperature equal to or higher than the given specification
temperature, the controller 150 performs one of the following
controls (1)-(3) or a combination thereof:

(1) Change a transmitting data speed to a low speed. Fur-
thermore, an operation of pre-emphasis performed on data to
be transmitted is switched from ON to OFF so as to reduce
current consumption.

(2) Change the transmitting data speed to a low speed.
Furthermore, an optical power (drive current) of the light
emitting element 102 is lowered. At that time, a notification is
made to improve sensitivity of the receiver of a counterpart
optical transmission apparatus.

(3) Perform a reducing operation to reduce the number of
the multiple transmission channels (the number of lanes).

More specifically, the controller 150 outputs mode setting
signals 1 and 2. In the case of (1), the mode setting signal 1 is
output to the interface circuit 130 to change the transmitting
data speed to a low speed. Furthermore, the mode setting
signal 1 is output to the light emitting element driver circuit
104 to switch the operation of pre-emphasis from ON to OFF.

In the case of (2), the mode setting signal 1 is output to the
interface circuit 130 to change the transmitting data speed to
alow speed. Furthermore, the mode setting signal 1 is output
to the light emitting element driver circuit 104 to lower the
optical power (drive current) of the light emitting element
102. Furthermore, the mode setting signal 2 is output for a
receiver circuit 111 of a counterpart optical transmission
apparatus.

A controller 150 that received the mode setting signal 2
may output a control signal to the receiver circuit 111, and the
control signal enables the receiver circuit 111 to limit a band-
width thereof to improve its sensitivity. The receiver circuit
111 may be operated with a low pass filter (LPF) for limiting
the bandwidth, which allows low speed data to pass while
blocking a high frequency component including high speed
data. Alternatively, the bandwidth of the receiver circuit 111
may be limited by changing parameters of a feedback circuit,
time constants, etc., which determine the bandwidth of the
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receiver circuit 111. The above bandwidth limiting improves
a receiver characteristic of low speed data.

In the case of (3), the mode setting signal 1 is output to the
light emitting element driver circuit 104 and the output circuit
131 of the interface circuit 130 to reduce the number of
channels for transmitting data.

In the above, the mode setting signals 1 and 2 are assumed
to be different signals. Alternatively, these signals may be
formed as a single signal, and desired information may be
extracted at receiver sides. The mode setting signals 1 and 2
have different destinations. Thus, in the following descrip-
tion, the signals are designated with numerals 1 and 2 for the
sake of convenience.

In the embodiment 1, a control example of the above (1)
performed by the controller 150 at the time of mode switching
is described. FIG. 2 is a method illustrating control details at
the time of mode switching according to the embodiment 1,
and illustrates the details of control to be performed by the
controller 150. In the control example of the above (1), a
transmitting data speed is changed to a low speed in a low-
power mode. Furthermore, the operation of pre-emphasis
performed on data to be transmitted is switched from ON to
OFF so as to reduce current consumption.

After an initialization (operation S201), the controller 150
measures a module temperature TM of the board 140 by use
of the temperature sensor 141 (operation S202). Subse-
quently, the controller 150 compares the module temperature
TM thus measured with a preset module upper limit tempera-
ture TM1 (operation S203).

When a comparison result of the operation S203 indicates
that the module temperature TM measured is less than the
preset module upper limit temperature TM1 (YES in the
operation S203), the controller 150 sets low-temperature
parameters to the mode setting signal 1 for the optical trans-
mitter 101 (and the interface circuit 130) (operation S204).
The low-temperature parameters to be set in the mode setting
signal 1 include a transmission speed (lane speed) that is a
high speed value (for example, 25 Gbps) used in a normal
mode and a value for setting the pre-emphasis ON.

Furthermore, the controller 150 sets low-temperature
parameters to the mode setting signal 2 for a receiver that is a
data transmission destination of the optical transmitter 101 (a
receiver of a counterpart optical transmission apparatus) (op-
eration S205). The low-temperature parameters to be set in
the mode setting signal 2 include a transmission speed (lane
speed) that is a high speed value (for example, 25 Gbps) used
in the normal mode.

Subsequently, the controller 150 transmits the mode set-
ting signal 1 to the optical transmitter 101 (and the interface
circuit 130) and the mode setting signal 2 to the receiver of a
counterpart optical transmission apparatus (operation S206).
The optical transmission apparatus 100 enters into the normal
mode by this low-temperature parameter setting. Subse-
quently, the module temperature TM is measured (operation
S207), and the module temperature TM thus measured is
again compared with the module upper limit temperature
TM1 (operation S208). When the module temperature TM
measured is less than the preset module upper limit tempera-
ture TM1 (YES in the operation S208), the process returns to
the operation S207. When the module temperature TM mea-
sured exceeds the preset module upper limit temperature
TM1 (NO in the operation S208), the process proceeds to an
operation S209.

When the comparison result in the operation S203 or the
operation S208 indicates that the module temperature TM
measured exceeds the preset module upper limit temperature
TM1 (NO in the operation S203 and NO in the operation
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S208), a high-temperature parameter setting is performed by
the operation S209 and beyond.

First, the controller 150 sets high-temperature parameters
to the mode setting signal 1 for the optical transmitter 101
(and the interface circuit 130) (operation S209). The high-
temperature parameters to be set in the mode setting signal 1
include a transmission speed (lane speed) that is a low speed
value (for example, 14 Gbps) used at a time of high tempera-
ture (in the low-power mode) and a value for setting the
pre-emphasis OFF.

Furthermore, the controller 150 sets high-temperature
parameters to the mode setting signal 2 for the receiver that is
a data transmission destination of the optical transmitter 101
(the receiver of a counterpart optical transmission apparatus)
(operation S210). The high-temperature parameters to be set
in the mode setting signal 2 include a transmission speed (lane
speed) that is a low speed value (for example, 14 Gbps) used
at the time of high temperature (in the low-power mode).

Subsequently, the controller 150 transmits the mode set-
ting signal 1 to the optical transmitter 101 (and the interface
circuit 130) and the mode setting signal 2 to the receiver of a
counterpart optical transmission apparatus (operation S211).
The optical transmission apparatus 100 enters into the low-
power mode by this high-temperature parameter setting. Sub-
sequently, the module temperature TM is measured (opera-
tion S212), and the module temperature TM thus measured is
again compared with a module upper limit temperature TM2
(operation S213). The module upper limit temperature TM2
is set to a value different from TM1 (for example, TM2<TM1)
so as to have hysteresis. In this way, it may be possible to
avoid frequent switching of the operation mode across the
module upper limit temperature TM1 due to a variation of the
module temperature TM when only one module upper limit
temperature TM1 is used as a threshold value.

When the module temperature TM measured is less than
the preset module upper limit temperature TM2 (Yes in the
operation S213), the process returns to the operation S204.
On the other hand, when the module temperature TM mea-
sured exceeds the preset module upper limit temperature
TM2 (NO in the operation S213), the process returns to the
operation S212.

Upon receiving the mode setting signal 2, the receiver of a
counterpart optical transmission apparatus of the optical
transmission apparatus 100 (the receiver that is a data trans-
mission destination of the optical transmitter 101) operates in
the same operation mode as that of the optical transmitter 101.

FIG. 3 is a circuit diagram illustrating an example of the
bandwidth expander circuit, and illustrates a bandwidth
expander circuit 300 included in the foregoing light emitting
element driver circuit 104. The bandwidth expander circuit
300 emphasizes rising edges of signals and performs the
bandwidth expansion (pre-emphasis) by coupling input data
(Data 1) with delayed data (Data 2, Data 3), which are delayed
by delay circuits 301, 302 having delay amounts different
from each other, in acombiner 303. Accordingly, a high speed
operation may be enabled for data transmission with a high
data rate even when the temperature of the light emitting
element 102 becomes high.

In this embodiment 1, when the temperature of the light
emitting element 102 is high, the controller 150 stops the
bandwidth expansion operation by controlling the delay cir-
cuits 301, 302 of the bandwidth expander circuit 300 and
buffers 304, 305, which are arranged in the subsequent stage
of the delay circuits 301, 302, to stop. In this way, heat
generated in the bandwidth expander circuit 300 that
becomes a heat source does not be conducted to the light
emitting element 102, and a heating eftect to the light emitting
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element 102 is reduced. In this case, the light emitting ele-
ment 102 transmits data that was not subjected to the band-
width expansion (pre-emphasis). However, data transmission
may be continued without interruption.

FIGS. 4A and 4B are waveform diagrams of optical outputs
to be observed with a presence and absence of the bandwidth
expansion. As illustrated FIG. 4A, when the bandwidth
expansion by the bandwidth expander circuit 300 is not in
operation (at the time of OFF), the waveform of optical output
from the light emitting element 102 is in a state where there is
an insufficient eye opening. On the other hand, as illustrated
in FIG. 4B, when the bandwidth expansion by the bandwidth
expander circuit 300 is in operation (at the time of ON), the
waveform of optical output from the light emitting element
102 is in a state where there is a sufficient eye opening. In this
way, the bandwidth expander circuit 300 may improve the
waveform of optical output. However, the operation of the
bandwidth expander circuit 300 (the delay circuits 301 and
302, etc.) consumes more electric power, and its self-heating
becomes a cause to increase the temperature of light emitting
element 102.

Accordingly, the foregoing process enables to reduce
power consumption and suppress heat generation from the
bandwidth expander circuit 300 itself, namely, suppress an
temperature increase of the light emitting element 102 by
stopping (turning OFF) the operation of the bandwidth
expander circuit 300 when the module temperature TM mea-
sured by the temperature sensor 141 exceeds the module
upper limit temperature TM1.

Now, the transmitted data speed and switch timing of the
pre-emphasis operation are described. FIG. 5A is a diagram
illustrating the switch timing of individual sections when the
normal mode is switched to the low-power mode. In the
drawing, the horizontal axis represents the time. As illustrated
in the drawing, the module temperature measured by the
temperature sensor 141 gradually increases to a higher tem-
perature. The interface circuit 130 operates in the normal
mode until the temperature exceeds a maximum operation
temperature Tmax. When the module temperature exceeds
the maximum operation temperature Tmax, the operation
mode is switched to the low-power mode to lower the trans-
mission speed. With regard to the light emitting element
driver circuit 104, the operation mode is switched to the
low-power mode after the elapse of a preset period ti since the
interface circuit 130 is switched to the low-power mode, and
the bandwidth expansion (pre-emphasis) is turned OFF.

As described in the above, at the time of switching from the
normal mode to the low-power mode, first the interface circuit
130 is switched to the low-power mode to lower the transmis-
sion speed, and then the light emitting element driver circuit
104 is switched to the low-power mode to turn OFF the
bandwidth expansion (pre-emphasis). When the bandwidth
expansion (pre-emphasis) is turned OFF before changing the
transmission speed, the light waveform deteriorates. This is to
avoid disconnection of data transmission due to the light
waveform deterioration.

FIG. 5B is a diagram illustrating the switch timing of
individual sections when the low-power mode is switched to
the normal mode. As illustrated in the drawing, in the low-
power mode, the module temperature measured by the tem-
perature sensor 141 gradually decreases to a lower tempera-
ture. The light emitting element driver circuit 104 operates in
the low-power mode until the temperature reaches a low-
power release temperature. When the module temperature
falls below the low-power release temperature, the operation
mode is switched to the normal mode and the bandwidth
expansion (pre-emphasis) is turned ON. With regard to the
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interface circuit 130, the operation mode is switched to the
normal mode after the elapse of a preset period ti since the
light emitting element driver circuit 104 is switched to the
normal mode, and the transmission speed is increased.

As described in the above, at the time of switching from the
low-power mode to the normal mode, first the light emitting
element driver circuit 104 is switched to the normal mode and
the bandwidth expansion (pre-emphasis) is turned ON, and
then the interface circuit 130 is switched to the normal mode
and the transmission speed is increased. This is to avoid data
disconnection due to an insufficient operation speed in the
light emitting element driver circuit 104 when the bandwidth
expansion (pre-emphasis) is turned ON after changing the
transmission speed.

FIG. 6 is a diagram illustrating a temperature variation
before and after the mode switching. FIG. 6 illustrates the
temperature variation when the operation mode is switched
from the foregoing low-temperature parameter setting (nor-
mal mode) to the high-temperature parameter setting (low-
power mode). In the drawing, the horizontal axis represents
the time, and the vertical axis represents the temperature.

As illustrated in the drawing, the operation mode is first set
to the normal mode in which the transmission speed is a high
speed (for example, 25 Gbps) since a power is turned ON. As
the normal mode continues, both the module temperature TM
and an in-device temperature Ta start to increase. Here, it is
assumed that the module temperature TM exceeds the module
upper limit temperature TM1 at the time t1 in a normal mode
period.

Accordingly, the controller 150 switches the operation
mode to the low-power mode in which the transmission speed
is changed to alow speed (for example, 14 Gbps). This causes
the module temperature TM to decrease. In this case, the
switching of the light emitting element driver circuit 104 to
the low-power mode may reduce a temperature difference
ATL between the in-device temperature Ta and the module
temperature TM compared to a temperature difference ATN
at the time of the normal mode operation (ATL<<ATN).
Accordingly, a maximum operable in-device temperature Ta
may be improved from the maximum operation temperature
Tmax-ATN to Tmax-ATL.

The controller 150 ends the low-power mode when the
module temperature TM falls down to the preset low-power
release temperature (low-power mode release: TM2) after the
continuation of the low-power mode (time t2). The low-
power release temperature TM2 may be set to a temperature
slightly lower than a specification environment temperature,
as illustrated in the drawing. Furthermore, the controller 150
switches the operation mode back to the normal mode, in
which the transmission speed is a high speed (for example, 25
Gbps).

FIG. 7A is a diagram illustrating an improvement effect on
the speed by the operation mode switching, and relates to the
control example (1). In the drawing, the horizontal axis rep-
resents the temperature, and the vertical axis represents the
speed. As the temperature increases, an operation speed S2 of
the light emitting element 102 rapidly decreases relative to a
normal transmission speed S1 that is a desirable speed in the
normal operation. The operation speed S2 corresponds to a
state where the pre-emphasis is ON. When the temperature
becomes equal to or higher than a given specification tem-
perature, the operation speed S2 of the light emitting element
102 no longer satisfies the transmission speed S1.

Thus, in the foregoing process, the operation mode is
switched to perform the operation under the high-temperature
parameter setting (low-power mode). When the high-tem-
perature parameters are used, the transmission speed S1 is
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lowered. In this case, an effect corresponding to a lowered
portion S2a in the operation speed of the light emitting ele-
ment 102 itself may be obtained by switching transmission
speed from a normal speed S1 to a lower speed S11. Further-
more, an effect corresponding to a suppressed portion S2b in
the temperature increase of the light emitting element 102
may be obtained by stopping (turning OFF) the pre-emphasis
operation to reduce the power consumption of the bandwidth
expander circuit 300 and suppress (lower) the heat generation
of the bandwidth expander circuit 300 itself. A transmission
speed characteristic S21 obtained by reflecting the lowered
portion S2a and the suppressed portion S25 indicates that the
light emitting element 102 may perform the optical transmis-
sion operation with a speed that satisfies a post-switching
transmission speed S11 in a high temperature range equal to
or higher than the specification temperature.

FIG. 7B is a diagram illustrating an improvement effect on
the optical output power by the operation mode switching,
and relates to the control example (1). In the drawing, the
horizontal axis represents the temperature, and the vertical
axis represents the power (optical output). As the temperature
increases, an optical output power P2 of the light emitting
element 102 rapidly decreases relative to a normal transmit-
ting power P1 that is a desirable power in the normal opera-
tion. The optical output power P2 corresponds to a state where
the pre-emphasis is ON. When the temperature becomes
equal to or higher than the given specification temperature,
the optical output power P2 of the light emitting element 102
no longer satisfies the desirable normal transmitting power
P1.

Accordingly, in the foregoing process, the operation mode
is switched to perform the operation under the high-tempera-
ture parameter setting. Stopping (turning OFF) the pre-em-
phasis operation in the high-temperature parameter setting
enables to reduce the power consumption of the bandwidth
expander circuit 300 and suppress (lower) the heat generation
of the bandwidth expander circuit 300 itself, making it pos-
sible to obtain a suppressed portion P2a in the temperature
increase of the light emitting element 102. A power charac-
teristic P21 obtained by reflecting the suppressed portion P2a
indicates that the light emitting element 102 may perform the
optical transmission operation with a power that satisfies the
transmitting power P1, which is a desirable power before and
after the switching, in a high temperature range equal to or
higher than the specification temperature. Furthermore, the
receiver of a counterpart optical transmission apparatus can
improve its receiver sensitivity by lowering a transmission
rate.

The transmission speed for the low speed case, which is to
be set in the foregoing high-temperature parameters 1 and 2,
may be any speed as long as the speed satisfies a preset lowest
communication speed. Furthermore, the transmission speed
does not be limited to a normal value, and may be varied into
plural levels in response to the module temperature TM mea-
sured. In such a case, the transmission speed may be con-
trolled in such a way that the transmission speed decreases in
a step-by-step manner as the module temperature TM
increases.

According to the foregoing embodiment 1, the module
temperature is detected, and when the temperature is high, the
operation mode is switched to the low-power mode and the
transmitting data speed is changed to a low speed. Further-
more, the heating effect from the bandwidth expander circuit
to the light emitting element arranged nearby may be reduced
and the temperature increase of the light emitting element
may be suppressed by stopping (turning OFF) the pre-empha-
sis operation on data to be transmitted, reducing the current
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consumed by the bandwidth expander circuit when the pre-
emphasis operation is being performed, and stopping the heat
generation at the bandwidth expander circuit that serves as a
heat source. Accordingly, the light emitting element may
continue the optical transmission operation at a low electric
power even in a high temperature range equal to or higher
than the specification temperature.

FIG. 8 is a diagram illustrating a structure of an optical
transmission apparatus according to an embodiment 2. In the
embodiment 2, in addition to the measurement of the module
temperature TM of the module (board 140) by use of the
temperature sensor 141 as described in the embodiment 1,
another temperature sensor 701 is provided inside the light
emitting element driver circuit 104, which is arranged near
the light emitting element (for example VCSEL) 102, to mea-
sure a light emitting element temperature TV. The other
remaining structure is the same as that of the embodiment 1
(FIG. 1), and description thereof is omitted.

Furthermore, in the embodiment 2, a control example of
the above (2) performed by the controller 150 at the time of
mode switching is described. In the control example of the
above (2), the transmitting data speed is changed to a low
speed in the low-power mode. Furthermore, the optical power
(drive current) of the light emitting element 102 is lowered. At
this time, a notification is made to improve sensitivity of a
receiver of a counterpart optical transmission apparatus.

FIG. 9 is a method illustrating control details at the time of
mode switching according to the embodiment 2, and illus-
trates the details of control to be performed by the controller
150. After an initialization (operation S801), the controller
150 measures the module temperature TM of the board 140
by use of the temperature sensor 141 and the light emitting
element temperature TV of the light emitting element 102
(operation S802). Subsequently, the controller 150 compares
the module temperature TM thus measured with a preset
module upper limit temperature TM1. Furthermore, the light
emitting element temperature TV thus measured is compared
with a preset light emitting element upper limit temperature
TV1 (operation S803).

When the module temperature TM measured is less than
the preset module upper limit temperature TM1 or the light
emitting element temperature TV is less than the light emit-
ting element upper limit temperature TV1 (YES in the opera-
tion S803), the controller 150 sets low-temperature param-
eters to the mode setting signal 1 for the optical transmitter
101 (and the interface circuit 130) (operation S804). The
low-temperature parameters to be set in the mode setting
signal 1 include a transmission speed (lane speed) that is a
high speed value used in the normal mode (for example, 25
Gbps) and an optical power (no reduction) of the light emit-
ting element 102.

Furthermore, the controller 150 sets low-temperature
parameters to the mode setting signal 2 for the receiver that is
a data transmission destination of the optical transmitter 101
(the receiver of a counterpart optical transmission apparatus)
(operation S805). The low-temperature parameters to be set
in the mode setting signal 2 include a transmission speed (lane
speed) that is a high speed value used in the normal mode (for
example, 25 Gbps) and a value for a receiving bandwidth in
the receiver.

Subsequently, the controller 150 transmits the mode set-
ting signal 1 to the optical transmitter 101 (and the interface
circuit 130) and the mode setting signal 2 to the receiver of a
counterpart optical transmission apparatus (operation S806).
The optical transmission apparatus 100 enters into the normal
mode by this low-temperature parameter setting. Subse-
quently, the module temperature TM and the light emitting
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element temperature TV are measured (operation S807). The
module temperature TM measured is again compared with
the module upper limit temperature TM1, and the light emit-
ting element temperature TV is compared with the light emit-
ting element upper limit temperature TV1 (operation S808).
When the module temperature TM measured is less than the
preset module upper limit temperature TM1 or the light emit-
ting element temperature TV is less than the light emitting
element upper limit temperature TV1 (YES in the operation
S808), the process returns to the operation S807. When the
module temperature TM measured exceeds the preset module
upper limit temperature TM1 or the light emitting element
temperature TV exceeds the light emitting element upper
limit temperature TV1 (NO in the operation S808), the pro-
cess proceeds to an operation S809.

When the comparison result in the operation S803 or the
operation S808 indicates that the module temperature TM
measured exceeds the preset module upper limit temperature
TM1 or the light emitting element temperature TV exceeds
the light emitting element upper limit temperature TV1 (NO
in the operation S803 and NO in the operation S808), a
high-temperature parameter setting is performed by the
operation S809 and beyond.

First, the controller 150 sets high-temperature parameters
to the mode setting signal 1 for the optical transmitter 101
(and the interface circuit 130) (operation S809). The high-
temperature parameters to be set in the mode setting signal 1
include a transmission speed (lane speed) that is a low speed
value (for example, 14 Gbps) used at the time of high tem-
perature (in the low-power mode) and a value for reducing the
optical power of the light emitting element 102.

Furthermore, the controller 150 sets high-temperature
parameters to the mode setting signal 2 for the receiver that is
a data transmission destination of the optical transmitter 101
(the receiver of a counterpart optical transmission apparatus)
(operation S810). The high-temperature parameters to be set
in the mode setting signal 2 include a transmission speed (lane
speed) that is a low speed value (for example, 14 Gbps) used
at the time of high temperature (in the low-power mode) and
a value for the receiving bandwidth (limited receiving band-
width) set by a LPF in the receiver.

Subsequently, the controller 150 transmits the mode set-
ting signal 1 to the optical transmitter 101 (and the interface
circuit 130) and the mode setting signal 2 to the receiver of a
counterpart optical transmission apparatus (operation S811).
The optical transmission apparatus 100 enters into the low-
power mode by this high-temperature parameter setting. Sub-
sequently, the module temperature TM and the light emitting
element temperature TV are measured (operation S812). The
module temperature TM measured is compared with a mod-
ule upper limit temperature TM2, and the light emitting ele-
ment temperature TV is compared with a light emitting ele-
ment upper limit temperature TV2 (operation S813).

The module upper limit temperature TM2 is set to a value
different from TM1 (for example, TM2<TM1) and the light
emitting element upper limit temperature TV2 is setto avalue
different from the light emitting element upper limit tempera-
ture TV1 (forexample, TV2<TV1) so as to have hysteresis. In
this way, it may be possible to avoid frequent switching of the
operation mode across the module upper limit temperature
TM1 due to a variation of the module temperature TM when
only the module upper limit temperature TM1 is used as a
threshold value. Similarly, it may be possible to avoid fre-
quent switching of the operation mode across the light emit-
ting element upper limit temperature TV1 due to a variation
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of the light emitting element temperature TV when only the
light emitting element upper limit temperature TV1 is used as
a threshold value.

When the module temperature TM measured is less than
the preset module upper limit temperature TM2 or the light
emitting element temperature TV is less than the preset light
emitting element upper limit temperature TV2 (YES in the
operation S813), the process returns to the operation S804.
On the other hand, when the module temperature TM mea-
sured exceeds the preset module upper limit temperature
TM2 or the light emitting element temperature TV exceeds
the preset light emitting element upper limit temperature TV2
(NO in the operation S813), the process returns to the opera-
tion S812.

FIG. 10A is a diagram illustrating an improvement effect
on the speed by the operation mode switching, and relates to
the control example (2). In the drawing, the horizontal axis
represents the temperature, and the vertical axis represents
the speed. As the temperature increases, an operation speed
S2 of the light emitting element 102 rapidly decreases relative
to a normal transmission speed S1 that is a desirable speed in
the normal operation. The operation speed S2 corresponds to
a state where a normal optical power is used (without reduc-
tion). When the temperature becomes equal to or higher than
a given specification temperature, the operation speed S2 of
the light emitting element 102 no longer satisfies the trans-
mission speed S1.

Thus, in the foregoing process, the operation mode is
switched to perform the operation under the high-temperature
parameter setting (low-power mode). When the high-tem-
perature parameters are used, the transmission speed S1 is
lowered. In this case, reducing the optical power of the light
emitting element 102 enables to obtain an effect of a lowered
temperature portion S2¢ due to the electric power reduction.
A transmission speed characteristic S22 obtained by reflect-
ing such an effect indicates that the light emitting element 102
may perform the optical transmission operation with a speed
that satisfies a post-switching transmission speed S11 in a
high temperature range equal to or higher than the specifica-
tion temperature.

FIG. 10B is a diagram illustrating an improvement effect
on the optical output power by the operation mode switching,
and relates to the control example (2). In the drawing, the
horizontal axis represents the temperature, and the vertical
axis represents the power (optical output). As the temperature
increases, a optical output power P2 of the light emitting
element 102 rapidly decreases relative to a normal transmit-
ting power P1 that is a desirable power in the normal opera-
tion. The optical output power P2 corresponds to a control
state where a normal power is satisfied. When the temperature
becomes equal to or higher than the given specification tem-
perature, the optical output power P2 of the light emitting
element 102 no longer satisfies the desirable normal trans-
mitting power P1.

Accordingly, in the foregoing process, the operation mode
is switched to perform the operation under the high-tempera-
ture parameter setting. Reducing the power of the light emit-
ting element 102 in the high-temperature parameter setting
enables to obtain an effect of a lowered temperature portion
P2¢ due to the electric power reduction. A power character-
istic P22 obtained by reflecting such an effect indicates that
the light emitting element 102 may perform the optical trans-
mission operation while satisfying a transmitting power P12
that is a desirable power in a high temperature range equal to
or higher than the specification temperature. Furthermore, the
receiver of a counterpart optical transmission apparatus can
improve its receiver sensitivity by lowering the transmission
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rate and allowing the controller 150 to limit the receiving
bandwidth of the receiver circuit 111.

In the embodiment 2, as is the case with the embodiment 1,
at the time of switching from the normal mode to the low-
power mode, first the interface circuit 130 is switched to the
low-power mode to lower the transmission speed, and then
the light emitting element driver circuit 104 is switched to the
low-power mode to reduce the power of the light emitting
element 102. Furthermore, at the time of switching from the
low-power mode to the normal mode, first the light emitting
element driver circuit 104 is switched to the normal mode to
increase the optical power of the light emitting element 102,
and then the interface circuit 130 is switched to the normal
mode to increase the transmission speed.

The light emitting element 102 described in the embodi-
ment 2 has an individual variability characteristic due to
thermal contact variation or cooling performance variation of
radiation members, which occur when they are assembled.
Accordingly, the direct detection of the temperature variation
of the light emitting element 102 by use of the temperature
sensor enables to perform the switching to the low-power
mode at an appropriate temperature.

According to the foregoing embodiment 2, the module
temperature and the temperature of the light emitting element
are each detected, and when the temperature is high, the
operation mode is switched to the low-power mode and the
transmitting data speed is changed to a low speed. Further-
more, the power of transmitting data is reduced to reduce the
current consumed by the light emitting element so as to sup-
press the temperature increase of the light emitting element.
Accordingly, the light emitting element may continue the
optical transmission operation at a low electric power even in
a high temperature range equal to or higher than the specifi-
cation temperature.

FIG. 11 is a diagram illustrating a structure of an optical
transmission apparatus according to an embodiment 3. The
embodiment 3 is configured such that the controller 150
receives a monitor signal D (feedback input), which corre-
sponds to a state of light signal in the receiver of a counterpart
optical transmission apparatus (the receiver that is a data
transmission destination of an optical transmitter 101), and
the monitor signal D is used for switching of the operation
mode. The other remaining structure is the same as that of the
embodiment 1 (FIG. 1), and description thereof is omitted.

In the embodiment 3, a control example of the above (3)
performed by the controller 150 at the time of mode switching
is described. In the control example of (3), a reducing opera-
tion for reducing the number of the multiple transmission
channels (the number of lanes) is performed in the low-power
mode.

FIG. 12 is amethod illustrating control details at the time of
mode switching according to the embodiment 3, and illus-
trates the details of control to be performed by the controller
150. After an initialization (operation S1101), the controller
150 measures the module temperature TM of the board 140
by use of the temperature sensor 141 (operation S1102).
Subsequently, the controller 150 compares the module tem-
perature TM thus measured with a preset module upper limit
temperature TM1 (operation S1103).

When a comparison result of the operation S1103 indicates
that the module temperature TM measured is less than the
preset module upper limit temperature TM1 (YES in the
operation S1103), the controller 150 sets low-temperature
parameters to the mode setting signal 1 for the optical trans-
mitter 101 (and the interface circuit 130) (operation S1104).
The low-temperature parameters to be set in the mode setting
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signal 1 include a value for the number of transmission chan-
nels (for example, four channels), which are used in the
normal mode.

Furthermore, the controller 150 sets low-temperature
parameters to the mode setting signal 2 for the receiver that is
a data transmission destination of the optical transmitter 101
(the receiver of a counterpart optical transmission apparatus)
(operation S1105). The low-temperature parameters to be set
in the mode setting signal 2 include a value for the number of
transmission channels (for example, four channels), which
are used in the normal mode.

Subsequently, the controller 150 transmits the mode set-
ting signal 1 to the optical transmitter 101 (and the interface
circuit 130) and the mode setting signal 2 to the receiver of a
counterpart optical transmission apparatus (operation
S1106). The optical transmission apparatus 100 enters into
the normal mode by this low-temperature parameter setting.
Subsequently, the module temperature TM is measured (op-
eration S1107), and the module temperature TM thus mea-
sured is again compared with the module upper limit tem-
perature TM1 (operation S1108). When the module
temperature TM measured is less than the preset module
upper limit temperature TM1 (YES in the operation S1108),
the process returns to the operation S1107.

On the other hand, when the module temperature TM mea-
sured exceeds the preset module upper limit temperature
TM1 (NO in the operation S1108), the monitor signal D is
received from the counterpart optical transmission apparatus
(operation S1109). A monitor value RM of the monitor signal
D is information describing a state of eye opening or a power
of light signal measured by the receiver of the counterpart
optical transmission apparatus. The state of eye opening may
be measured by use of an error correction (FEC) or the like,
which is provided in the receiver of the counterpart optical
transmission apparatus.

Subsequently, the monitor value RM thus received is com-
pared with a set monitor value RM1 set in advance (operation
S1110). For example, in a case where the monitor value RM
describes the power of light signal, it is determined as “PASS”
when the monitor value RM exceeds a set monitor value RM1
that is set in advance for the power of light signal, and it is
determined as “FAIL” when the monitor value RM is less
than the set monitor value RM1 that is set in advance for the
power of light signal. In a case where the monitor value RM
describes FEC of light signal, it is determined as “FAIL”
when the monitor value RM exceeds a set monitor value RM1
that is set in advance for an error rate of light signal, and it is
determined as “PASS” when the monitor value RM is less
than the set monitor value RM1 that is set in advance for the
error rate of light signal. When a comparison result indicates
that the monitor value RM received is “PASS” (PASS in the
operation S1110), the process returns to the operation S1107,
and when the monitor value RM received is “FAIL” (FAIL in
the operation S1110), the process proceeds to an operation
S1111.

When the comparison result in the operation S1103 indi-
cates that the module temperature TM measured exceeds the
preset module upper limit temperature TM1 (NO in the opera-
tion S1103) and when the monitor value RM received is
“FAIL” (FAIL in the operation S1110), a high-temperature
parameter setting is performed by the operation S1111 and
beyond.

First, the controller 150 sets high-temperature parameters
to the mode setting signal 1 for the optical transmitter 101
(and the interface circuit 130) (operation S1111). The high-
temperature parameters to be set in the mode setting signal 1
include a value for the number of transmission channels (for
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example, two channels), which is reduced at the time of high
temperature (in the low-power mode).

Furthermore, the controller 150 sets high-temperature
parameters to the mode setting signal 2 for the receiver that is
a data transmission destination of the optical transmitter 101
(the receiver of the counterpart optical transmission appara-
tus) (operation S1112). The high-temperature parameters to
be set in the mode setting signal 2 include a value for the
number of transmission channels (for example, two chan-
nels), which is reduced at the time of high temperature (in the
low-power mode).

Subsequently, the controller 150 transmits the mode set-
ting signal 1 to the optical transmitter 101 (and the interface
circuit 130) and the mode setting signal 2 to the receiver of the
counterpart optical transmission apparatus (operation
S1113). The optical transmission apparatus 100 enters into
the low-power mode by this high-temperature parameter set-
ting. Subsequently, the module temperature TM is measured
(operation S1114), and the module temperature TM thus
measured is compared with a module upper limit temperature
TM2 (operation S1115). The module upper limit temperature
TM2 is set to a value different from the module upper limit
temperature TM1 (for example, TM2<TM1) so as to have
hysteresis. In this way, it may be possible to avoid frequent
switching of the operation mode across the module upper
limit temperature TM1 due to a variation of the module tem-
perature TM when only the module upper limit temperature
TM1 is used as a threshold value.

When the module temperature TM measured is less than
the preset module upper limit temperature TM2 (YES in the
operation S1115), the process returns to the operation S1104.
On the other hand, when the module temperature TM mea-
sured exceeds the preset module upper limit temperature
TM2 (NO in the operation S1115), the monitor signal D is
received from the counterpart optical transmission apparatus
(operation S1116).

Subsequently, the monitor value RM thus received is com-
pared with a set monitor value RM2 set in advance (operation
S1117). The set monitor value RM2 is set to a value different
from RM1 (for example, RM2<RM1) so as to have hyster-
esis. In a case where the monitor value RM describes the
power of light signal, it is determined as “PASS” when the
monitor value RM exceeds a set monitor value RM2 that is set
in advance for the power of light signal, and it is determined
as “FAIL” when the monitor value RM is less than the set
monitor value RM2 that is set in advance for the power of light
signal. In a case where the monitor value RM describes FEC
of light signal, it is determined as “FAIL” when the monitor
value RM exceeds a set monitor value RM2 that is set in
advance for the error rate of light signal, and it is determined
as “PASS” when the monitor value RM is less than the set
monitor value RM2 that is set in advance for the error rate of
light signal. When a comparison result indicates that the
monitor value RM received is “PASS” (PASS in the operation
S1117), the process returns to the operation S1104, and when
the monitor value RM received is “FAIL” (FAIL in the opera-
tion S1117), the process returns to the operation S1114.

FIG. 13A is a diagram illustrating an improvement effect
on the speed by the operation mode switching, and relates to
the control example (3). In the drawing, the horizontal axis
represents the temperature, and the vertical axis represents
the speed. As the temperature increases, an operation speed
S2 of the light emitting element 102 rapidly decreases relative
to a normal transmission speed S1 that is a desirable speed in
the normal operation. The operation speed S2 corresponds to
a state where a normal number of transmission channels
(without reduction, four channels, for example) is used.
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When the temperature becomes equal to or higher than a
given specification temperature, the operation speed S2 ofthe
light emitting element 102 no longer satisfies the normal
transmission speed S1.

Thus, in the foregoing process, the operation mode is
switched to perform the operation under the high-temperature
parameter setting (low-power mode). When the high-tem-
perature parameters are used, the number of transmission
channels is reduced (for example, two channels). Reducing
the number of transmission channels as described above
reduces parallel lanes to be driven in the light emitting ele-
ment 102, which are arranged in an array form, and enables to
obtain an effect of a lowered temperature portion Std due to
the electric power reduction of the light emitting element 102.
A transmission speed characteristic S23 obtained by reflect-
ing such an effect indicates that the light emitting element 102
may perform the optical transmission operation with a speed
that satisfies the normal transmission speed S1 before and
after the switching in a high temperature range equal to or
higher than the specification temperature.

FIG. 13B is a diagram illustrating an improvement effect
on the optical output power by the operation mode switching,
and relates to the control example (3). In the drawing, the
horizontal axis represents the temperature, and the vertical
axis represents the power (optical output). As the temperature
increases, a optical output power P2 of the light emitting
element 102 rapidly decreases relative to a normal transmit-
ting power P1 that is a desirable power in the normal opera-
tion. When the temperature becomes equal to or higher than
the given specification temperature, the optical output power
P2 of the light emitting element 102 no longer satisfies the
desirable normal transmitting power P1.

Accordingly, in the foregoing process, the operation mode
is switched to perform the operation under the high-tempera-
ture parameter setting. Reducing the number of transmission
channels in the high-temperature parameter setting enables to
obtain an effect of a lowered temperature portion Ptd due to
the electric power reduction. A power characteristic P23
obtained by reflecting such an effect indicates that the light
emitting element 102 may perform the optical transmission
operation while satisfying the desirable normal transmitting
power P1 in a high temperature range equal to or higher than
the specification temperature.

According to the foregoing embodiment 3, the module
temperature is detected and the monitor signal, which is a
feedback from the receiver of the counterpart optical trans-
mission apparatus, is received, and when the temperature is
high, the operation mode is switched to the low-power mode
and the number of transmission channels is reduced. For
example, in the light emitting element 102 that has a parallel
array formation, channels that are being driven and channels
that are not being driven may be alternatively arranged to
avoid localized temperature increases, thereby achieving the
temperature reduction. In this way, when the temperature is
high, the current consumed by the light emitting element is
reduced by an amount corresponding to the reduced number
of channels that were being driven in the light emitting ele-
ment and the temperature increase of the light emitting ele-
ment is suppressed. In this way, the light emitting element
may continue the optical transmission operation at a low
electric power even in a high temperature range equal to or
higher than the specification temperature.

Furthermore, the foregoing embodiments 1-3 are config-
ured such that the mode setting signal 2 is transmitted to the
receiver of a counterpart optical transmission apparatus (the
receiver that is a data transmission destination of the optical
transmitter 101) by using the side-band transmission system
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160. However, the configuration is not limited thereto. For
example, the mode setting signal 2 may be transmitted using
an in-band transmission. That is, the mode setting signal 2
may be transmitted as part of a control signal, which is com-
bined with transmitting data for transmission, through the
array fiber 103 connected to the optical transmitter 101. Fur-
thermore, the monitor signal D described in the embodiment
3 may be combined with transmitting data as part of a control
signal, and the transmitting data thus combined may be
received from a transmitter of the counterpart optical trans-
mission apparatus (a transmitter that is a transmission source
of data which the optical receiver 111 receives) through the
array fiber 113. These mode setting signal 2 and the monitor
signal D may be obtained by extracting the control signal
from received data at the receiver.

All or any part of various process functions performed by
the controller 150, the receiver circuit 111, the light emitting
element driver circuit 101, and the output circuit 131 may be
executed by a microcomputer such as a central processing
unit (CPU), a micro processing unit (MPU), a micro control-
ler unit (MCU), etc. All or any part of the various process
functions may be executed in programs that are analyzed and
executed by a CPU (or other microcomputer such as MPU,
MCU, etc.) or hardware of wired logics such as circuits.
Furthermore, all or any part of the various process functions
may be executed by use of a programmable logic circuit. The
programmable logic circuit may include, for example, a field-
programmable gate array (FPGA).

With regard to the embodiments 1-3 described above, the
control of the control example (1) is performed using the
configuration of FIG. 1 in the embodiment 1, the control of
the control example (2) is performed using the configuration
of FIG. 8 in the embodiment 2, and the control of the control
example (3) is performed using the configuration of FIG. 11
in the embodiment 3. That is, the examples are described for
the cases where a single control example is used in each
embodiment. However, the example is not limited thereto.
For example, one of the controls of the control examples
(1)-(3) or combination thereof may be performed in any one
of the configuration of FIG. 1 of the embodiment 1, the
configuration of FIG. 8 of the embodiment 2, and the con-
figuration of FIG. 11 of the embodiment 3. The more number
of'the control examples (1)-(3) are combined, the more pieces
of information may be collected, thereby making it possible
to perform the operation mode switching more accurately.

Each of the embodiments described above provides not a
countermeasure to a case where the temperature is high due to
heat generation by the light emitting element itself, but a
control function to control the operation of the light emitting
element driver circuit (bandwidth expander circuit) that is a
nearby circuit producing the heating effect to the light emit-
ting element. Such configurations enable to suppress the tem-
perature and reduce the power consumption of the whole
module, and maintain a stable operation by allowing the
transmission (transmitting and receiving) of light signals of
the whole module to continue even in a range exceeding the
given specification temperature.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
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understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. An optical transmission apparatus, comprising:

an optical transmitter that includes a light emitting element
and a driver circuit for the light emitting element;

atemperature sensor that detects a temperature of the opti-
cal transmitter; and

a controller that switches an operation mode of the optical
transmitter from a normal mode to a low-power mode so
as to reduce a heating effect to the light emitting element
and allow an operation of the light emitting element to
continue when the temperature detected by the tempera-
ture sensor is equal to or higher than a given temperature.

2. The optical transmission apparatus according to claim 1,

further comprising:

a transmitting interface circuit that sends data to the optical
transmitter,

wherein, in the low-power mode, the controller controls the
transmitting interface circuit and the driver circuit so as
to lower respective transmission speeds thereof.

3. The optical transmission apparatus according to claim 1,

wherein the driver circuit includes a bandwidth expander
circuit, and

in the low-power mode, the controller controls the band-
width expander circuit of the driver circuit so as to stop
an operation thereof.

4. The optical transmission apparatus according to claim 1,

wherein, in the low-power mode, the controller controls the
light emitting element so as to lower an output optical
power thereof.

5. The optical transmission apparatus according to claim 1,

wherein, in the low-power mode, the controller improves
receiver sensitivity of another optical receiver that is a
counterpart of the optical transmitter by controlling
another optical receiver so as to limit a receiving band-
width thereof.

6. The optical transmission apparatus according to claim 1,

further comprising:

a transmitting interface circuit that sends data to the optical
transmitter,

wherein, in the low-power mode, the controller reduces the
heating effect to the light emitting element by control-
ling the transmitting interface circuit and the driver cir-
cuit so as to reduce respective numbers of transmission
channels thereof.

7. The optical transmission apparatus according to claim 3,

wherein, in the low-power mode, the controller controls the
light emitting element driver circuit so as to stop a band-
width expansion operation thereof after controlling the
transmitting interface circuit and the driver circuit so as
to lower respective transmission speeds thereof.

8. The optical transmission apparatus according to claim 3,

wherein, when returning from the low-power mode to the
normal mode, the controller controls the transmitting
interface circuit and the driver circuit so as to increase
transmission speeds thereof after controlling the driver
circuit so as to turn on a bandwidth expansion operation.

9. The optical transmission apparatus according to claim 1,

wherein the controller transmits information regarding the
operation mode of the optical transmitter to a receiver
provided in an optical transmission apparatus that is a
counterpart of the optical transmitter using a transmis-
sion system in a side-band, and
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the receiver and an interface circuit of the optical transmis-
sion apparatus that is a counterpart of the optical trans-
mitter switch operation modes thereof based on the
information regarding the operation mode in the side-
band.
10. The optical transmission apparatus according to claim
15
wherein the controller transmits information regarding the
operation mode of the optical transmitter to a receiver
provided in an optical transmission apparatus that is a
counterpart of the optical transmitter by including the
information in transmitting data for an in-band transmis-
sion, and
the receiver and an interface circuit of the optical transmis-
sion apparatus that is a counterpart of the optical trans-
mitter switch operation modes thereof based on the
information regarding the operation mode in the in-band
transmission.
11. The optical transmission apparatus according to claim
15
wherein the temperature sensor is provided near the light
emitting element.
12. The optical transmission apparatus according to claim
15
wherein the temperature sensor is provided inside the light
emitting element driver circuit.
13. The optical transmission apparatus according to claim
15
wherein the controller receives a feedback of a monitor
signal measured by a receiver provided in an optical
transmission apparatus that is a counterpart of the opti-
cal transmitter, and performs a control to switch the
operation mode of the optical transmitter using the
monitor signal.
14. The optical transmission apparatus according to claim
13,
wherein the monitor signal received by the controller indi-
cates an optical power measured by the receiver pro-
vided in an optical transmission apparatus that is a coun-
terpart of the optical transmitter.
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15. The optical transmission apparatus according to claim
13,

wherein the monitor signal received by the controller indi-

cates an eye opening measured by the receiver provided
in an optical transmission apparatus that is a counterpart
of the optical transmitter.

16. An optical transmission method of an optical transmis-
sion apparatus including an optical transmitter that includes a
light emitting element and a driver circuit for the light emit-
ting element, a temperature sensor, and a controller, the opti-
cal transmission method comprising:

detecting a temperature of the optical transmitter by tem-

perature sensor; and

switching an operation mode of the optical transmitter

from a normal mode to a low-power mode so as to reduce
a heating effect to the light emitting element and allow
an operation of the light emitting element to continue
when a temperature detected by the temperature sensor
is equal to or higher than a given temperature of the light
emitting element.

17. The optical transmission method according to claim 16,

wherein, in the low-power mode, the controller controls a

transmitting interface circuit and the light emitting ele-
ment driver circuit so as to lower respective transmission
speeds thereof.

18. An optical transmission apparatus, comprising:

an optical transmitter that includes a light emitting element

and a driver circuit for the light emitting element;
atemperature sensor that detects a temperature of the opti-
cal transmitter; and

a controller that switches, by transmitting a mode setting

signal, an operation mode for transmission by the optical
transmitter from a normal transmission mode to a lower
transmission mode, when the temperature detected by
the temperature sensor is equal to or higher than a given
temperature so as to reduce a heating effect to the light
emitting element and allow an operation of the light
emitting element.

19. The optical transmission apparatus according to claim
18,

wherein, in the lower transmission mode, the controller

further controls the light emitting element so as to lower
an output optical power of the light emitting element.

#* #* #* #* #*
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